Maternal protein components change markedly during mammalian oogenesis. Many of these proteins have yet to be characterized and verified. In this study, a proteomics approach was used to evaluate changes in proteins during oogenesis in the Swamp Buffalo (Bubalus bubalis). Proteins from 500 immature oocytes and 500 in vitro matured oocytes were subjected to two-dimensional electrophoresis, and more than 400 spots were detected. Image analysis indicated that 17 proteins were differentially expressed between the two groups. Eight proteins were identified by mass spectrometry. In mature oocytes, three proteins were down-regulated: major vault protein (MVP), N-acetyllactosaminide β-1,6-N-acetylglucosaminyl-transferase (GCNT-2), and gem-associated protein (GEMIN)8, whereas five other proteins, heat shock protein (HSP)60, Ras-responsive element-binding protein 1 (RREB-1), heat shock cognate 71 kDa protein (HSC71), hemoglobin subunit α (HBA), and BMP-2-inducible protein kinase (BMP-2K), were up-regulated. The expression profiles of HSP60 and GEMIN8 were further verified by Western blotting. The changes in HSP60 protein expression demonstrate the increasing need for mitochondrial protein importation to facilitate macromolecular assembly during oocyte maturation. The down-regulation of GEMIN8 production implies that RNA splicing is impaired in mature oocytes.
Introduction
Mammalian oocytes undergo a series of regulated events during follicular development in the ovary, from primordial follicles to ovulation. An oocyte reaches its full size at the germinal vesicle (GV) stage. Here, mRNA synthesis ceases and the nucleus remains intact [1] . The oocytes then resume meiosis in response to specific signals. GV breakdown (GVBD) occurs, which allows exposure of the nuclear material to the cytoplasm. Following GVBD, the chromatin condenses and the first polar body is extruded from the oocytes. Subsequently, oocytes mature to the metaphase II (MII) stage of meiosis and undergo ovulation [2] . During the developmental oocyte maturation, many of the changes are mediated by dynamic variations in protein composition and by post-translational modifications in cumulus-oocyte complexes (COCs). Some well-known oocyte proteins, such as Stella [3] , Zar1 [4] , and Mater [5] , play important roles in zygote activation. Many aspects of these mechanisms have been studied in order to understand the molecular foundations of oocyte maturation, and proteomic technology has been used for some species. Calvert et al. [6] carried out a pioneering study; they identified eight highly abundant heat shock proteins (HSPs) and related chaperones in the mature, MII-arrested mouse oocyte (zonae pellucidae were removed) using two-dimensional electrophoresis (2-DE). Vitale et al. (2007) [1] identified 12 proteins that appeared to be differentially expressed between GV-and MII-stage murine oocytes using 2-DE combined with mass spectrometry (MS). The proteomes of matured mouse COCs were constructed, and 259 protein spots, corresponding to 156 individual proteins, have been identified [7] . Ellederova et al. (2004) [8] first found that antiquitin was increased significantly in MI and MII, compared with GV stages in pig oocytes. A large-scale protein identification strategy was also performed for oocyte proteomic analysis: 4395 proteins were expressed in bovine COCs; 1092 were expressed in oocytes; and 858 were common to both COCs and oocytes [9] . Zhang et al. (2009) [10] identified a total of 625 different proteins from 2700 mature oocytes, lacking zona pellucidae, using SDS-PAGE combined with high performance liquid chromatography (HPLC). They screened 76 maternal proteins with high levels of mRNA expression, both in oocytes and zygotes. Recently, 2781 and 2973 proteins were successfully identified from GV stage and MII stage oocytes, respectively. The proteome of oocytes provides us with important information on the factors regulating the developmental competence of oocytes [11] . Pfeiffer et al. [12] present the proteome of MII mouse oocytes to a depth of 3699 proteins, which substantially extends the number of proteins identified until now in mouse oocytes. Efforts to search for reprogramming factors in embryonic stem cells has been conducted by Graumann et al. [13] . More than 5000 distinct proteins were quantified including some important stem cell reprogramming markers.
Although most basic reproductive biology studies have been done in the mouse and other species, no proteomic study has been reported to date for buffalo oocytes. Swamp or water buffalos (Bubalus bubalis) are adapted to hot-humid tropical climatic conditions, but have low reproductive efficiency. Basic research on oocyte developmental biology should contribute to improving buffalo fertility, and will also be important for improving genetic traits and the efficacy of in vitro maturation (IVM) systems. During the procedure of meiotic maturation, oocytes in GV stage undergo a variety of events: chromosomal rearrangement, formation of spindle and polar body, and movement of cortical granules. Here, we compared proteins from immature and mature buffalo oocytes using a 2DE-MS strategy. Our objective was to develop a 2DE method for discovering proteins that are differentially expressed between immature and mature oocytes. Furthermore, we identified and verified some target proteins that might be involved in oocyte maturation in swamp buffalo.
Results

Two-Dimensional Gel Electrophoresis Profile
Proteins were extracted from a total of 500 immature and 500 mature oocytes, separated on 2DE gels in a nonlinear gradient (pH 3-10), and then subjected to SDS-PAGE. Silver-stained gels are shown in Figure 1 . On average, approximately 400 protein spots were distributed in a molecular weight (M W ) range between~20 and~150 kDa. Most protein spots shared a similar M W and pI. The 2-DE image of immature oocytes was set as the control. ImageMaster 5.0 software analyses showed that 17 protein spots were significantly different in OD (at least a 2.5-fold change). Six protein spots were downregulated in the immature oocyte group, while 11 protein spots were upregulated in the mature oocyte group. All 17 differentially expressed protein spots were excised from their respective gels, then digested in-gel with trypsin, and subsequently analyzed by Matrix-Assisted Laser Desorption Ionization Time of Flight (MALDI-TOF/TOF) mass spectrometry. Out of them, 47% (8/17) of the excised spots were identified successfully with a Mascot score >60 (confidence interval, CI > 95%). The eight identified proteins and their variations in expression are shown on magnified 2-DE gel maps ( Figure 2 ). Five protein spots were increased significantly in the mature oocyte group (Spots 1, 2, 3, 4, and 6), while three spots were significantly decreased (Spots 5, 7, and 8).
MS Identification and Bioinformatics Analysis
The raw mass spectra data were searched against the Bostaurus proteome database [14] using the Mascot algorithm. The results are listed in Table 1 . Expert Protein Analysis System (ExPASy) [15] was used for a preliminary functional analysis of these proteins. The MVP, HSC71, and GEMIN8 proteins are located in the cytoplasm and nucleus, whereas the RREB1 and BMP2K proteins are located in the nucleus. The HSP60 protein is located in mitochondria. The HSC71 protein is involved in estrogen signaling and spliceosome pathways. was used for a preliminary functional analysis of these proteins. The MVP, HSC71, and GEMIN8 proteins are located in the cytoplasm and nucleus, whereas the RREB1 and BMP2K proteins are located in the nucleus. The HSP60 protein is located in mitochondria. The HSC71 protein is involved in estrogen signaling and spliceosome pathways. was used for a preliminary functional analysis of these proteins. The MVP, HSC71, and GEMIN8 proteins are located in the cytoplasm and nucleus, whereas the RREB1 and BMP2K proteins are located in the nucleus. The HSP60 protein is located in mitochondria. The HSC71 protein is involved in estrogen signaling and spliceosome pathways. 
Western Blot Validation
Western blotting was performed to confirm the expressions of HSP60 and GEMIN8 proteins. As shown in Figure 3 , GAPDH protein was used as a loading control. For the HSP60 protein, there was a weaker band in the gel for immature oocytes compared with that for mature oocytes. The Western blot results were consistent with those of the 2-DE gels, indicating that the results of these analyses were reliable. The Western blot signals of the two GEMIN8 protein bands were similar between mature and immature oocytes. Using optical density analysis, the expression profile exhibited significant differences between immature and mature oocytes. 
Discussion
The protein content of oocytes is very important for fertilization and pregnancy outcomes. The oocyte proteome is a direct representation of the factors that decide its phenotype and its developmental potential. Here, we used comparative proteomics to perform a preliminary analysis of proteins that were differentially expressed between immature and mature buffalo oocytes. Only 400 proteins were detected in the 2-DE gel images, which account for 1.7% of bovine proteome database (24,113 sequences). The lower coverage attributed to the disadvantage of 2-DE. Certain proteins are difficult to separate by 2-DE, including those that are in low abundance, hydrophobic, acidic, basic, very large, or very small proteins [16] . We believe that more proteins will be identified after zona pellucida (ZP) is removed, since the ZP1, ZP2, and ZP3 proteins are highly abundant. As shown in Figure 1 , it was evident that the presence of abundant ZP proteins blocked out many of the protein spots. It is possible to use ZP-free oocytes for isolating oocyte-specific proteins using 2-DE [10, 11] . On the other hand, 2-DE-MS and LC-MS are known to be two complementary strategies. Using 2-DE is a classic method to display changes in protein spot visually, while high-throughput LC-MS strategy can identify total protein or give a quantitative analysis [17, 18] .
In this study, six proteins were decreased in mature oocytes, while 11 proteins were increased. This increase in upregulation is consistent with the view that MII oocytes have higher translational activity than immature ones [19] . All seventeen protein spots were excised and prepared for MALDI-TOF analysis. Eight were successfully identified. Attempts to identify the other nine failed because of their low abundance. Silver-staining has a higher sensitivity than Commassie blue staining. Protein spots with low OD density on silver-stained gels were not necessary for successful identification of MS. In addition, buffalo genomic database annotation has not been accomplished and the proteome database has not yet been released. Incomplete knowledge of the buffalo proteome may have restricted the ratio of protein identification.
The HSP60 and GEMIN8 proteins were selected for verification using Western blotting. As shown in Figure 3 , the similar bands for GAPDH between runs demonstrated that the Western blot results were reliable. The optical density of the HSP60 band indicated that the Western blot signals were consistent with those of the 2-DE results. Change in the expression of the HSPs protein family implies the increasing need for translated proteins and response to heat stress [20] . Calvert et al. [6] identified several HSPs (HSP70 and HSP90) and related chaperones in mature mouse egg using 
The HSP60 and GEMIN8 proteins were selected for verification using Western blotting. As shown in Figure 3 , the similar bands for GAPDH between runs demonstrated that the Western blot results were reliable. The optical density of the HSP60 band indicated that the Western blot signals were consistent with those of the 2-DE results. Change in the expression of the HSPs protein family implies the increasing need for translated proteins and response to heat stress [20] . Calvert et al. [6] identified several HSPs (HSP70 and HSP90) and related chaperones in mature mouse egg using 2-DE. HSP70 is one of the first genes for zygotic gene activation and is constitutively synthesized in the immature, preovulatory mouse oocyte [21] . Levels of HSP70 mRNA decrease following oocyte maturation and ovulation [22] . The HSP60 protein is located in the mitochondrial matrix, where it plays a role in macromolecular assembly and might facilitate the correct folding of imported proteins [23] . The regulation of HSP60 during mouse embryonic stem cell differentiation has already been reported [24] [25] [26] . The biological role of HSP60 in buffalo or other mammalian oocyte maturation is not yet known. In this study, HSP60 protein was found to be upregulated in mature oocytes. We inferred that variation of HSP60 expression levels was related to the increase of mitochondria in mature oocytes. The function of HSP60 during oocyte maturation needs to be investigated in further research. The relative amount of HSC71 protein also showed a trend for upregulation in mature oocytes. This protein acts as one of the molecular chaperones, which assists proteins in folding from their denatured state to the correctly folded product [27] . Previous studies suggested that both constitutive and inducible forms of HSC71 and the HSP protein family are translated during bovine oocyte maturation and early embryo development, and HSC71 is also translated during pig oocyte maturation [20, 28] .
The GEMIN8 protein was also subjected to Western blotting for verification. RNA interference experiments indicated that GEMIN8 gene knockdown impairs snRNP assembly [29] . Gemin8 cDNA encodes for a protein of 234 amino acids with a predicted molecular mass of 28 kDa. In the present study, the theoretical isoelectric point (pI 6.8) coincided with the location in 2-DE images. However, the protein spot of Gemin8 was located in 44 kDa. Western blot results indicated two hybrid bands with a range of 35-45 kDa. One possible reason is that many other homologous proteins disturbed the Western blot assay. The GEMIN protein family is involved in the formation of survival motor neuron (SMN) complexes involved in small nuclear ribonucleic protein (snRNP) assembly [30] . Gemin8 is a novel integral component of cellular SMN complexes. Gemin8 binds directly and efficiently to the Gemin6-Gemin7 complex [29] .
The BMP2K protein encodes a serine/threonine kinase protein and might affect the transcriptional activities of target genes. Recently, BMP2K was identified as a clathrin-coated vesicle-associated protein, suggesting that it might also function to regulate endocytic complexes [31] . The MVP protein, also called lung resistance-related protein, is a ribonucleoprotein, comprising a major part (>70%) of vault large ribonucleoprotein particles [32] . There appears to be a single, evolutionarily-conserved MVP gene in humans and other mammals [33] . The function of vault particles is not known; they might act as multi-subunit structures, and serve as scaffolds for proteins involved in signal transduction. The MVP protein showed a predominantly cytoplasmic distribution in normal porcine oocytes and embryos at the GV, M-II, 1-cell, 2-cell, 8-to 16-cell, morula and blastocyst stages of preimplantation development, in vitro and in vivo [34] . In our study, the MVP protein accumulated in immature oocytes, but was decreased in mature oocytes. Another protein, hemoglobin, was not supposed to be present in oocytes; however, this protein was identified in buffalo oocytes, not only in 2-DE experiments, but also in the shotgun proteomics approach based on LC-MS/MS. We suspected that the high expression of the hemoglobin protein in mature oocytes may be attributed to being contaminated by the addition of fetal bovine serum into the culture medium.
Materials and Methods
Oocyte in Vitro Maturation
Oocyte collection and maturation were done as described [35] . Briefly, immature oocytes were aspirated with a syringe from follicles 2-6 mm in diameter, from abattoir-derived ovaries. Immature oocytes were washed in TCM199 (Gibco, Grand Island, NY, USA) supplemented with 0.3% bovine serum albumin and once more in maturation medium: TCM199 supplemented with 5% estrous bovine serum and 10 µg/mL FSH. They were cultured in sterile mineral oil at 38.5˝C under 5% CO 2 in humidified air for 22-24 h. Following maturation, the oocytes with expanding cumulus cells were selected for proteomic analysis. The cumulus cells were stripped off by repeated pipetting.
Sample Perparation and Protein Extraction
Pooled groups of 500 immature and 500 mature oocytes were lysed in 30 µL of lysis buffer (7 M urea, 2 M thiourea, 4% w/v CHAPS zwitterionic detergent, 0.5% dithiothreitol (DTT), and 1 mM phenylmethanesulfonyl fluoride (PMSF) proteinase inhibitor, pH 8.0) for 30 min at room temperature. Samples were homogenized by repeated pipetting. After being centrifuged (4˝C, 10 min, 12,000ˆg) , the supernatant was transferred to a new 1.5 mL tube for further processing. After being precipitated with ice-cold acetone, protein concentrations were determined using a Bradford protein assay. The samples were stored at´80˝C for subsequent thawing and 2-DE.
Two-Dimensional Electrophoresis
The protein samples were solubilized in rehydration buffer (8 M urea, 2% CHAPS, 15 mM DTT, and 0.5% immobilized pH gradient (IPG) buffer pH range 3-10). For isoelectric focusing (IEF), denatured proteins were separated using 13 cm IPG Strips (pH 3-10) with an IPGphor III IEF system (GE Healthcare Life Sciences, Marlborough, MA, USA). The IEF was done in five steps: active rehydration at 30 V for 6 h; 60 V for 6 h; 500 V for 1 h; 1000 V for 1 h; then increased to 5000 V for 1 h, and increased gradually until a total of 50,000 V/h was reached. After IEF separation, the gel strips were equilibrated twice for 15 min. The first equilibration buffer contained 50 mM Tris-HCl (pH 8.8), 8 M urea, 30% (v/v) glycerol, and 2% SDS with 1% (w/v) DTT. The second equilibration buffer contained the same ingredients except that DTT was replaced with 2.5% (w/v) iodoacetamide (IAA).
After equilibration, the IPG strips were rinsed to remove excess equilibration buffer, and applied to a vertical linear gradient SDS-PAGE (12%, 17ˆ17 cm, 1 mm thick). SDS-PAGE was carried out using an EttanDALTsix electrophoresis system (GE Healthcare Life Sciences), according to the supplier's instructions.
Silver Staining and Image Analysis
The 2-DE gels were silver-stained using a MS-compatible method without formaldehyde. Gels were scanned in transparency mode and the images were analyzed using ImageMaster 2D software (GE Healthcare Life Sciences). The protein spots were considered to be up-or downregulated if their optical density (OD) measures showed an increase or a decrease by at least a factor of 2.5, respectively.
In-Gel Digestion and Mass Spectrometry Identification
After differential analysis of the gels, protein spots were excised for digestion. Briefly, gel fragments were discolored in a solution containing 30 mM K 3 Fe(CN) 6 and 100 mM Na 2 S 2 O 3 , then washed twice in 40 mM NH 4 HCO 3 solution and dehydrated with 100 µL of acetonitrile, and incubated overnight at 37˝C with 10 ng/µL trypsin. Digested peptides were extracted with 50% acetonitrile and dried, then resuspended in 1 µL of Milli-Q water with 0.1% trifluoroacetic acid (TFA) and spotted onto a MALDI target. α-Cyano-4-hydroxycinnamic acid (CHCA) solutionwas used as a covering matrix. The peptides were run through a MALDI-TOF/TOF mass spectrometry analyzer (4800 Plus, ABSciex Inc., Foster City, CA, USA). Acquired MS spectra ranged from 800-4000 Da in reflector-positive mode. For each spot scan, 10 of the most intense precursor ions were selected for tandem MS/MS analysis.
Protein Bioinformation Analysis
All the differentially expressed proteins were analyzed to determine their function using the ExPASy website resource [36] . Gene ontogeny (GO) analyses were performed using KOBAS 2.0 [37] .
Western Blot Validation
Each of the 20 µg protein samples of immature and mature oocytes were separated by SDS-PAGE (12%, 13 cmˆ13 cm). After electrophoresis, the protein lanes were transferred to polyvinylidene fluoride (PVDF) membranes (Millipore Corp., Bedford, MA, USA) using an electronic transfer apparatus (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 70 V for 2 h. Nonspecific binding sites on PVDF membranes were blocked by incubating them for 1 h at room temperature with 5% skim milk in phosphate-buffered saline (PBS) with 0.1% Tween-20. Membranes were incubated overnight at 4˝C with rabbit polyclonal antibodies against Heat Shock Protein (HSP)60 and Gem-associated Protein (GEMIN)8 (diluted 1:1000, CWbio Co., Ltd., Beijing, China). They were washed with PBS plus 0.1% Tween-20 three times, and incubated with a secondary antibody (diluted 1:3000, CWbio Co.) for 1 h at room temperature. Finally, the membranes were washed and visualized using autoradiography (X-ray) film. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal loading control.
Conclusions
Eight proteins were expressed differentially between immature and mature oocytes. The changes in HSP60 protein expression demonstrate the increasing need for mitochondrial protein importation and macromolecular assembly during oocyte maturation. Downregulation of the GEMIN8 protein implies that RNA splicing is impaired in mature oocytes. These differentially expressed proteins could be used as biomarkers during in vitro maturation and will provide new information for understanding the mechanism of buffalo oogenesis.
